This study focuses on morphological and molecular data analyses, misidentifications, and phylogenetic inconsistencies regarding Bradypus variegatus (the brown-throated sloth) and B. tridactylus (the pale-throated sloth). Misidentifications were recorded on 75 of 313 museum specimens of Bradypus. Almost 90% of the misidentified specimens were B. variegatus from north-central Brazil, erroneously attributed to B. tridactylus. These misidentified specimens are reported in taxonomic reviews as the southernmost records of B. tridactylus. A history of confusing nomenclature regarding sloth species exists, and these particular misidentifications could be attributable to the similarity in face and throat color between B. variegatus from north-central Brazil and B. tridactylus. The molecular phylogeny of morphologically confirmed sloth specimens exhibits 2 monophyletic lineages representing B. variegatus and B. tridactylus. The split time between these 2 lineages was estimated at 6 million years ago (mya), contradicting previous studies that estimated this divergence to be 0.4 mya. Taxonomic inconsistencies were detected when comparing the molecular phylogeny to previously published DNA sequences ascribed to B. tridactylus. Misidentification or introgression could underlie such phylogenetic incongruities. Regardless of their causes, these discrepancies lead to misstatements regarding geographic distribution, phylogeny, and taxonomy of B. variegatus and B. tridactylus. The development of molecular markers and increasing knowledge about the processes and rates of molecular change have provided remarkable tools to detect, describe, and explain biological diversity. Therefore, an ever-growing resource of DNA sequences has become available, mostly over the Internet as public databases (such as GenBank). These databases represent an important resource for studies of phylogeny, biogeography, phylogeography, conservation genetics, molecular taxonomy, genetic diversity, and intraspecific units as targets for conservation (Nikolaev et al. 2007; Ranwez et al. 2007; Thomas 2008) .
Negro and Amazon rivers. B. tridactylus also is found in Guyana and adjacent regions of east-central Venezuela and north-central Brazil (Gardner 2007; Wetzel and Á vila-Pires 1980) . B. variegatus and B. tridactylus are distinguishable by color differences in the hairs of the face and throat and by a pair of foramina at the anterodorsal nasopharynx present only in B. tridactylus (Wetzel and Á vila-Pires 1980) . Although morphological differences occur between these sloths, in the older literature most B. variegatus were referred erroneously to B. tridactylus (Anderson and Handley 2001; Gilmore et al. 2000) . In the review of Bradypus by Anderson and Handley (2001) the authors presented a list of analyzed museum specimens but did not indicate which specimens were misidentified.
Correct taxon assignment is of paramount importance to conservation of biodiversity because inappropriate decisions can be made if taxonomic assignments are incorrect. Within Bradypus, the maned sloth (B. torquatus) and the pygmy sloth (B. pygmaeus) are threatened with extinction because of their restricted geographical distributions and loss of habitat. B. variegatus and B. tridactylus are considered of least concern (International Union for the Conservation of Nature and Natural Resources 2009). However, few studies exist on natural populations, especially regarding demography, and such investigations could improve understanding of the endangerment status of species. Analyses of population genetics data have been reported for only 2 sloth species, B. torquatus and B. variegatus (Lara-Ruiz et al. 2008 ; Moraes- Barros et al. 2006 . The remaining molecular data generated for three-toed sloths are mostly from studies describing the placement of Xenarthra in eutherian phylogeny (Arnason et al. 1997; Eizirik et al. 2001; Murphy et al. 2007; Prasad et al. 2008) or on sloth phylogeny (Barros et al. 2003 (Barros et al. , 2008 Greenwood et al. 2001; Poinar et al. 2003) . In GenBank ,11% of the total nonprimate eutherian DNA data available (until February 2010) are from xenarthrans. Although the proportion of xenarthran DNA data is high and similar to that allotted to other mammalian groups such as carnivores (11%) and insectivores (7%), only 0.008% of the xenarthran DNA sequences are from Bradypus.
A better characterization of sloth diversity is needed, given the few molecular studies published to date and the possibility of misidentification between B. variegatus and B. tridactylus. Discussions on molecular systematics, evolution, and genetic diversity can result in incorrect conclusions when taxonomic identification is inaccurate. Here we describe the occurrence of misidentification related to the brown and pale-throated sloths, investigate incongruities in molecular phylogenies, and discuss the implications of these problems for current knowledge of three-toed sloths. We used comparative analysis of morphological and molecular data obtained from specimens sampled in nature, museum collections, and online DNA databases.
MATERIALS AND METHODS
Specimens and DNA sequences.-To review the taxonomic identity of three-toed sloths we examined the morphology of skulls from the following natural history museums: AMNHAmerican Museum of Natural History, New York; FMNHField Museum of Natural History, Chicago, Illinois; IEPAInstituto de Pesquisas Científicas e Tecnológicas do Estado do Amapá, Amapá, Brazil; MN-Museu Nacional, Rio de Janeiro, Rio de Janeiro, Brazil; MPEG-Museu Paraense Emílio Goeldi, Belém, Pará, Brazil; MZUSP-Museu de Zoologia da Universidade de São Paulo, São Paulo, São Paulo, Brazil; and USNM-United States Natural History Museum, Washington, D.C. We performed molecular analysis, comparing DNA sequences obtained from taxonomically reviewed specimens to sequences available from GenBank. All information regarding specimens is described in Appendix I.
Taxonomic identification based on morphology.-Threetoed sloth museum specimens (Appendix I) had their species identity established by the presence or absence of the paired foramina in the anterodorsal nasopharynx (Anderson and Handley 2001; Wetzel and Á vila-Pires 1980) . Because cranial morphology was used for taxonomic identification, specimens lacking skulls or with crania broken at the nasopharynx region were not included. Specimen identity was compared with the previously attributed taxon name and corrected as needed. For some museum specimens molecular data also were obtained (Moraes- and used in phylogenetic analysis. The main localities of analyzed specimens and the currently inferred geographic distributions of B. variegatus and B. tridactylus are shown in Fig. 1 . . A total of 8 individuals representing the 6 distinct B. variegatus Management Units and 2 B. torquatus were analyzed (Appendix I). DNA samples were obtained from museum specimens (ethanol-preserved, frozen tissues, or study skins) and from living animals (blood samples). Living specimens were captured in nature (Appendix I) and identified from external morphology (Anderson and Handley 2001) . Blood samples were collected for DNA analysis according to specific permits (Ibama 02001.000877/2003; Ibama/ICMBio 19267-1) and animal handling and care were consistent with guidelines of the American Society of Mammalogists (Gannon et al. 2007 ). After sampling, animals were released. Blood samples were transferred to tubes containing ethanol or heparin and stored at 220uC. These samples were deposited in our DNA and tissue collection (Laboratorio de Biologia Evolutiva e Conservação de Vertebrados [LABEC]; Appendix I). Methods used to extract, amplify, and sequence DNA varied according to the level of degradation and source of DNA (ethanol-preserved, frozen tissue, blood, or museum study skins) and were performed according to the protocol and primers in Moraes- .
Phylogenetic relationships were reconstructed in PAUP* version 4.0b10 (Swofford 2002) through maximum-likelihood and neighbor-joining methods, depending on the analysis as discussed below. The maned sloth (B. torquatus), two-toed sloth (Choloepus didactylus), and the southern tamandua (Tamandua tetradactyla) were used as outgroups. The Akaike information criterion (AIC) implemented in the computer program Modeltest version 3.06 (Posada and Crandall 1998) was used to identify the most appropriate model of DNA substitution for each data set (sets of concatenated Cytb and 16S genes and independent data sets for each gene). The best model found for the data set of concatenated Cytb and 16S genes was the general time reversible (GTR) model (Rodrí-guez et al. 1990 ) including gamma distribution with shape parameter (a). The Tamura-Nei (TrN) model (Tamura and Nei 1993) including proportion of invariant sites (I) was identified as the best model for the independent data sets of Cytb and 16S. The analyses were carried out with a heuristic search using the tree-bisection-reconnection branch swapping algorithm and ''as is'' addition. The robustness of trees was determined by 1,000 (neighbor-joining) and 100 (maximumlikelihood) bootstrap replications.
Control data sets (each gene as an independent data set and a set of concatenated gene sequences) were 1st used to infer maximum-likelihood and neighbor-joining trees. We estimated divergence times for the main Bradypus lineages to compare our data with published studies on split times between B. variegatus and B. tridactylus. Barros et al. (2003 Barros et al. ( , 2008 used mitochondrial 16S and 12S genes to estimate a split between B. variegatus and B. tridactylus of about 400,000 years ago. We used the maximum-likelihood phylogeny based on control data set of concatenated Cytb (471 bp) and 16S (498 bp) gene segments. Estimates of divergence times were obtained using the penalized likelihood method (Sanderson 2002) implemented with program R8s 1.7.1 (Sanderson 2003) . Not having fossil records of arboreal sloths or the mitochondrial DNA (mtDNA) substitution rate for Bradypus, we used the same criteria of Barros et al. (2003 Barros et al. ( , 2008 to calibrate the tree and estimate divergence times. Our calibration point was the split between Choloepus and Bradypus, which occurred 21-18 million years ago (mya- Delsuc et al. 2001 Delsuc et al. , 2004 .
We expected that molecular trees, obtained with the control data sets, would show distinct monophyletic groups corresponding to each sloth species. This phylogenetic pattern would indicate congruence between molecular phylogeny and taxonomy. Conversely, any observed incongruence would be evidence of incomplete lineage sorting or introgression. After this 1st analysis new phylogenies were obtained using the control data sets plus homologous DNA sequences identified as B. variegatus and B. tridactylus available in GenBank. Each gene was considered an independent data set so the distinct sequences available in GenBank could be evaluated. Phylogenies were estimated with the neighbor-joining method because of its computational speed and high accuracy, especially when the evolutionary dynamics among the sequences have remained the same over time. Therefore, in these analyses we considered only sequences of B. variegatus and B. tridactylus, using B. torquatus as outgroup. We assume that if the molecular phylogeny of morphologically reviewed specimens is congruent with taxonomy, phylogenetic inconsistencies involving DNA sequences from GenBank could be explained by misidentification. We could not analyze all DNA sequences of B. variegatus and B. tridactylus available in GenBank because our control data set was limited to only 2 genes. Therefore, we investigated only Cytb and 16S sequences. DNA sequences generated in this study are available in GenBank under accession numbers HM352889-HM352908.
RESULTS
Taxonomic attribution based on cranial morphology.-We identified 313 sloth museum specimens based on cranial morphology without difficulty, except when crania were broken at the anterodorsal nasopharynx, as for specimen MZUSP 23159. For this particular specimen analysis of hairs on the face and throat on the preserved skin was possible, and we obtained DNA for molecular analysis. We found misidentification events in almost all collections except the USNM collection. About 24% of all specimens (75/313) were misidentified, and 96% of the misidentifications were individuals of B. variegatus erroneously assigned to B. tridactylus. Also, 65 of the 75 misidentified specimens were from north-central Brazil (Appendix I).
Molecular phylogeny, taxonomic incongruity, and divergence times.-Using only DNA sequences from specimens whose taxonomic identification was confirmed, the Cytb and 16S data sets revealed similar topologies. Thus, we used the concatenated sequences for analysis considering the GTR model and a 5 0.3089. The resultant data set was 969 bp and recovered 2 main clades corresponding to Bradypus species. Within B. variegatus distinct clades corresponding to Management Units previously described by Fig. 2) were observed.
We obtained a Cytb sequence from 1 specimen (MZUSP 23159) for which taxonomic identification could only be inferred based on the hair colors of the face and throat. The color pattern was characteristic of B. tridactylus, and the DNA sequence was similar to sequences obtained from 2 morphologically identified members of the same species (Fig. 3) .
Phylogenies of Cytb and the 16S mtDNA sequences available in GenBank were estimated using the TrN model including I 5 0.6928 (Cytb) and I 5 0.6363 (16S). We observed inconsistencies in DNA sequences between the attributed name and the molecular phylogeny. GenBank sequences, putatively derived from either B. variegatus or B tridactylus, grouped together in a clade representative of B. variegatus (Figs. 3 and 4) .
According to our results, the time of split between B. tridactylus and B. variegatus occurred between 6.0 and 4.8 mya, depending on the maximum and minimum values of the calibration point (21-18 mya). We also calculated divergence times for the split between B. torquatus and the B. variegatus-B. tridactylus lineages (14-11 mya) and the base of diversification of all B. variegatus lineages (5.0-3.8 mya).
DISCUSSION
Despite having no difficulty identifying sloth specimens based on cranial morphology, we observed numerous taxonomic misidentifications, as previously reported in the literature. These misidentified specimens were detected in all museum collections (AMNH, FMNH, MN, MPEG, and MZUSP) except USNM. Although misidentifications occurred in the official collection lists from most museums, corrections to the original identification were attached to the specimens from AMNH, FMNH, and MPEG. Therefore, the use of sloth museum collection lists, without careful examination of specimens, can be problematic.
Bradypus variegatus and B. tridactylus have a confusing nomenclatural history. A complete and recent description of this topic is presented in Hayssen (2009 Hayssen ( , 2010 . In short, after Schinz (1825) -Bootstrap maximum-likelihood (ML) consensus tree obtained using concatenated cytochrome-b (Cytb) and 16S sequences from morphologically validated specimens of Bradypus. Tree was estimated using the general time reversible model (Rodríguez et al. 1990 ) and gamma distribution with shape parameter a 5 0.3089. Similar topologies were obtained in neighbor-joining (NJ) trees. Numbers at the nodes indicate maximum-likelihood-neighbor-joining bootstraps. Terminals for B. variegatus are identified according to the geographic location of sampled individuals and reflect exclusive mitochondrial DNA lineages previously described in Moraes- . Genbank DNA sequences from Choloepus didactylus (accession number Z48942) and Tamandua tetradactyla (accession number NC004032) were used as outgroups. Scale at the bottom represents number of substitutions per site.
FIG. 3.-Neighbor-joining (NJ) phylogeny of cytochrome-b sequences of
Bradypus from GenBank (identified by accession numbers) and from specimens identified based on external (*) and cranial (**) morphology. Tree was inferred using the Tamura-Nei model (Tamura and Nei 1993) with a proportion of invariant sites I 5 0.6928. Numbers at the nodes indicate bootstrap values from 1,000 replications. Terminals in light gray indicate phylogenetic incongruities. Scale at the bottom represents number of substitutions per site.
FIG. 4.-Neighbor-joining (NJ) phylogeny of 16S sequences of
Bradypus from GenBank (identified by accession numbers) and from specimens identified based on external (*) and cranial (**) morphology. Tree was inferred using the Tamura-Nei model (Tamura and Nei 1993) with a proportion of invariant sites I 5 0.6363. Numbers at the nodes indicate bootstrap values from 1,000 replications. Terminals in light gray indicate phylogenetic incongruities. Scale at the bottom represents number of substitutions per site.
not as a result of misidentification but in agreement with the accepted nomenclature. For instance, Á vila-Pires and Gouveia (1977) described a brown-throated sloth from an Atlantic forest nature reserve as ''B. tridactylus.' ' Wetzel (1982) clarified the nomenclature of the 2 species, but problems persist in correctly assigning species names to individual specimens. The morphology of some B. variegatus populations, as we discuss below, contributes to this difficulty.
We observed that 96% of the misidentified specimens were B. variegatus erroneously attributed to B. tridactylus. Also, the majority of misidentified B. variegatus were from northcentral Brazil where the 2 species might be sympatric. A history of confusing nomenclature exists, and these particular misidentifications could be attributable to the similarity in face and throat color between the north-central Brazil B. variegatus and B. tridactylus. Most specimens of the two species show pronounced differences in hair colors of the face and throat. B. tridactylus has bright golden-yellow hairs, whereas B. variegatus has a brownish face and throat, at least at the base of the hairs. In addition, most individuals of B. variegatus have a dark facial stripe not present in B. tridactylus. However, a few populations of B. variegatus from northcentral Brazil (e.g., on the lower Tapajós River) exhibit a strong golden frosting on the throat. Unlike B. tridactylus, which has golden color to the base of the hairs, the hairs on B. variegatus are usually dark brown at the base (Anderson and Handley 2001) . Therefore, misidentification of Bradypus sloths in museum collections also can arise from incomplete analysis of morphological traits.
Despite the apparent similarities of facial hair color among some populations of B. variegatus and B. tridactylus, cranial morphology and molecular data are diagnostic. Museum specimens of B. variegatus from north-central Brazil, with face and throat pelage similar to that of B. tridactylus, did not have a pair of nasopharyngeal foramina, a trait exclusive to B. tridactylus. Also, mtDNA sequences obtained from 1 of these specimens did not group with homologous sequences of B. tridactylus.
The molecular phylogeny based only on DNA sequences of morphologically reviewed specimens showed no incongruity. We then added to the analysis DNA sequences from specimens whose identification could not be confirmed by morphological analysis. One of these was museum specimen MZUSP 23159. This sloth was originally attributed to B. tridactylus, and its identification was confirmed based only on analysis of face and throat hairs. The obtained DNA sequence revealed a haplotype similar to that observed in 2 specimens of B. tridactylus identified based on cranial and pelage traits. Therefore, we assume that specimen MZUSP 23159 is B. tridactylus.
The mtDNA sequences from GenBank had inconsistencies between attributed species names and the molecular phylogeny. All GenBank sequences putatively derived from either B. variegatus or B. tridactylus grouped with B. variegatus. Therefore, the inconsistencies recorded were from GenBank DNA sequences erroneously attributed to B. tridactylus.
Incongruity in the topology of molecular phylogenies can be caused by incomplete lineage sorting, introgression, or taxonomic misidentification (Avise 2004) . The process of incomplete lineage sorting is more likely to occur in sister species shortly after their separation or at intermediate times since speciation (Avise 2004) . Our molecular dating indicates the split between B. variegatus and B. tridactylus to be 6.0-4.8 mya. With a 6-year generation time and a life span of 30-40 years for three-toed sloths (Anderson and Handley 2001) , B. variegatus and B. tridactylus sharing ancient mtDNA haplotypes would be unlikely.
The occurrence of ancient hybridization and backcrosses between these 2 species could have led to introgression of mtDNA, resulting in individuals morphologically matching 1 species but carrying mtDNA of the other. Mitochondrial DNA introgression is only detectable using multiple markers, including morphology and molecular data or distinct genes from mitochondrial and nuclear genomes (Good et al. 2008 ). We did not observe incongruity comparing morphological and molecular data, which could have been evidence of introgression. Our molecular phylogeny included sloths from Atlantic and Amazon forests and encompassed most of the region where B. variegatus and B. tridactylus might be sympatric. All DNA sequences were obtained from individuals identified based on external or skull morphology. The corresponding DNA sequences presented a phylogenetic pattern consistent with the taxonomic identifications, and all mtDNA lineages of B. variegatus coalesce after the split between the brownthroated and pale-throated three-toed sloths. However, although our control data sets are constituted from DNA sequences obtained from sloths from different geographical regions, we did not sample most of the geographical distribution of B. tridactylus. We have sampled only 2 individuals of B. tridactylus that share the same haplotype. Thus, we can discard introgression from B. tridactylus into B. variegatus only for our control data sets. Nevertheless, phylogenetic discrepancies in GenBank DNA sequences of Bradypus also could have occurred due to misidentifications. However, no information exists as to the source of those DNA sequences in the Genbank files, so we cannot confirm incorrect identification or discard introgression as the cause of this phylogenetic mismatch. In molecular phylogenetic studies in cuckoos and Old World finches, Payne (2001, 2002) and Payne and Sorenson (2003) were able to confirm the identification of 120 specimens and correct it for another 8. However, this was possible only by comparing the genetic data to specimen vouchers.
Correctness in taxonomy is important when analyzing DNA samples. When inconsistencies in molecular phylogeny are detected, it is impossible to investigate the cause of incongruity when no associated preserved specimen is available. However, for some species (such as those threatened with extinction), preserving each specimen from which DNA was obtained is not realistic. In these cases, DNA vouchers associated with published sequences would be recommended.
If phylogenetic inconsistencies are detected in a published molecular data, posterior analysis of different and independent molecular markers can made with the associated DNA.
Whatever the causes of inconsistencies in molecular phylogenies, the Genbank DNA sequences of Bradypus clearly are mismatched. Our aim is not to denigrate previous studies or public DNA databases but rather to raise awareness among investigators who use these data in molecular biology studies. The dissimilar DNA sequences of B. tridactylus encompass a complete mitochondrial genome analysis (Cytb and 16S-McLenachan and Penny 2005) , sequences used in a phylogenetic study of the relationships among the main mammalian orders (16S- Stanhope et al. 1998) , and DNA segments used to study the phylogeny of sloth species (16S- Barros et al. 2003) . The observed divergences do not impose errors in the phylogenetic discussion of Stanhope et al. (1998) , because the DNA sequence was used only to represent a threetoed sloth, which is correct. However, the assumption that any of these DNA sequences represent an mtDNA lineage of B. tridactylus is mistaken.
According to our analysis of the control data set of concatenated Cytb and 16S, the split between mtDNA lineages of B. torquatus and those of the remaining Bradypus occurred about 12 mya, a date corresponding to that obtained by Barros et al. (2003 Barros et al. ( , 2008 . The inferred split time between B. tridactylus and B. variegatus was between 6.6 and 4.8 mya, depending on the calibration point (21-18 mya). This date differs from the 0.4 mya estimated by Barros et al. (2003 Barros et al. ( , 2008 using 16S and 12S mtDNA sequences. Considering the results presented here, we assume that the date obtained by Barros et al. (2003 Barros et al. ( , 2008 applies to the divergence between 2 mitochondrial lineages of B. variegatus. The split between B. variegatus and B. tridactylus, estimated in our analysis at about 6 mya, could have been missed if a wide sampling of taxonomically reviewed specimens had not been included in the analysis. This inferred date agrees with Delsuc et al. (2002) , who argued that most xenarthran diversification occurred in the Miocene or early Pliocene.
In the case of three-toed sloths, phylogenetic inconsistencies and missing data seem to have influenced previous studies on sloth evolutionary history. Although we cannot state that misidentifications underlie the taxonomic incompatibility observed for available GenBank DNA sequences, our morphological analyses of museum specimens of Bradypus prove that taxonomic misidentifications do occur, as previously suggested by Anderson and Handley (2001) . A critical outcome of the misidentifications is the inferred geographical distribution of B. variegatus and B. tridactylus. The actual distribution of B. tridactylus is narrower than previously inferred (Gardner 2007 ; International Union for the Conservation of Nature and Natural Resources 2009). Some misidentified B. variegatus were reported in taxonomic reviews as records of B. tridactylus. These specimens are B. variegatus from Colombia and north-central Brazil, southward to the Amazon River (Fig. 1) . We agree with Anderson and Handley (2001) , who pointed out that the distribution of B.
tridactylus probably does not extend southwest of the Rio Negro or as far south of the Amazonas River. We do not agree with Hayssen (2010) , who suggested that B. variegatus does not occur north of the Amazon. There are morphologically confirmed B. variegatus from north of the Amazon in the MUZUSP and MPEG collections (Appendix I). Therefore, the geographic distributions of B. variegatus and B. tridactylus need further clarification.
A better understanding of three-toed sloth genetic diversity also is needed. This is particularly important if we consider the genetically divergent populations within the species, as described in recent phylogeography studies (Moraes- Barros et al. 2006 . These authors identified genetically distinct populations of B. variegatus distributed throughout the Amazon and Atlantic forest. These populations were classified as Management Units and indicated as intraspecific targets for conservation purposes. The mtDNA lineages that constitute these Management Units were inferred from segments of the control region, a highly polymorphic DNA segment. Our phylogenetic analysis corroborates the divergence among these lineages. Moreover, additional mtDNA lineages of B. variegatus were revealed by adding GenBank sequences to the phylogenies. Most of the GenBank DNA sequences that group with B. variegatus are identified as B. tridactylus. These divergent sequences represent about 20% of the observed mtDNA diversity of B. variegatus. This indicates that genetic diversity within B. variegatus is higher than previously reported. Also, marked divergences occur among haplogroups of B. variegatus, suggesting the existence of different and independent evolutionary lineages. For example, the mtDNA lineage representing sloths from north-central Brazil is divergent and basal within the B. variegatus group. In our study only the South American B. variegatus and 3 B. tridactylus from northern Brazil were analyzed. B. variegatus also is distributed throughout Central America, and no study has been performed on the molecular diversity of B. tridactylus from the Guiana Shield. Therefore, to investigate potential speciation events properly and confirm the reciprocal monophyly of B. variegatus and B. tridactylus, wider geographic sampling and the use of independent molecular markers will be needed. Nevertheless, our results show the importance of accurate specimen identification in molecular systematics.
RESUMO
Este trabalho tem como foco a análise de dados morfoló-gicos e moleculares, o estudo de erros de identificação e de inconsistências filogenéticas, referentes às espécies Bradypus variegatus (preguiça de garganta marrom) e B. tridactylus (preguiça de garganta clara). Foram registrados erros de identificação em 75 dos 313 espécimes analisados em diferentes coleções científicas. Cerca de 90% dos erros de identificação foram observados em B. variegatus, provenientes da região centro norte do Brasil, erroneamente identificados como B. tridactylus. Esses espécimes são citados na literatura como registros do limite sul da distribuição de B. tridactylus. A história da nomenclatura destas espécies de preguiça denota certa confusão. Ainda assim, os erros de identificação destes espécimes em particular pode ser atribuído às semelhanças na coloração dos pelos da face e garganta, observadas entre B. variegatus da região centro norte do Brasil e B. tridactylus. A filogenia molecular de espécimes de preguiça, cuja identificação foi confirmada através de dados morfológicos, denota 2 grupos monofiléticos representantes das espécies B. variegatus e B. tridactylus. A divergência entre estes 2 grupos foi datada em 6,0 ma. Este resultado contradiz estudos anteriores os quais estimaram esta divergência em 0,4 ma. Ademais, foram observadas inconsistências taxonômicas ao incluir sequências de DNA, publicadas anteriormente e atribuídas à espécie B. tridactylus, à filogenia molecular. Erros de identificação ou processos como introgressão poderiam ser a causa de tal incongruência. Independente da origem, as divergências observadas levaram a proposições falsas em relação à distribuição geográfica, filogenia e taxonomia de B. variegatus e B. tridactylus.
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